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Motivation for MINERVA

>Oscillation Measurements

260 P’!"?F""?Z. .ev.a
e Measure the ratio of far/near !

See the dip region of E<3 GeV

200

Near 160

(unosc) 100

e Oscillation probability depends on E/,
>> Experiments measure: Fvis Far ﬁ

(oscillated) @

E~/1s depends on Flux, Cross
section, and detector response.

Complications and Realities:
e Near/Far fluxes are different > Cross Section does not cancel in the ratio.

e Low energy cross section not well understood.

Little data available (Bubble chambers circa 1980) with large stat. and sys.
uncertainties.

Data up to A=27; Not applicable to heavy targets (Minos: Fe)
> Must use untested models to incorporate nuclear effects.

> Intrinsic interest in low energy neutrino interaction phenomonology.

MINERVA > Put fine grained detector in high-rate neutrino beam (NuMI) measure precisely low
energy neutrino cross sections.
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MINER7VA Experiment Features

e Fine-grained fully-active detector allows exclusive final state measurements. (Next talk > H. Budd)

Good tracking capabilities and particle-1D.

e High-Rate NuMI beam - high statistical precision.

Main injector: 120 GeV protons
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Second horn ' With E-907(MIPP) at Fermilab to
measure particle spectra from the MuMI

targetexpect to know neutrino flux to
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Overview of Low Energy Neutrino Scattering
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Three contributions to the cross section.:
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e Quasi-elastic
v(T) n(p) — u~ (u") p(n)
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A(Q?), B(Q?), c(Q?) depend on nucleon form factors; s, u Mandelstam vars.

o vN — uN™
Inelastic, Low-multiplicity final states, v, p(n) — u~ 7 p(n), v,n — u~ 7°p
Excited baryon resonances decays (Rein Seghal, Ann. Phys 133, p.79 1981).

e Deep Inelastic (DIS) vN — uX

2_v(T G2 ME [,2 5
ddamii(yy) = [%2931:’1(937@2)-#(1—y)Fz(w,QQ)j: (y— %) xFs(z, Q)| .
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MINERvA Event Rates

e High-rate well understood Process CC/ton ~ NC/ton
NuMI beams: LE, sME, sHE. Elastic 103 K 42 K

e Parastic running with Minos Resonance 196 K 70 K
Transition 210K 65 K

DIS 420 K 125 K
Coherent 83K 42 K
Total (v) 940 K 288 K
e Fiducial target 3-5tC, 1t Fe, 1t Pb
e 4yearrun 9x102° PoT.
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Summary of MINER~ A physics topics.

Quasi-elastic vN scattering
Resonance scattering
Coherent Pion Production
DIS Low Q2

Nuclear Effects in vN
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Quasi-Elastic Scattering

v+n (@ p+ 1, BBA-2003 Form Factors, m,=1.00

vrn — u- « 14
nop e
> Dominates £/, <1 GeV. 30 1.2

e Low Q?: 1 track (i) + low activity at vertex R4 I
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e High Q2 2 tracks, one w + Id proton track 0 _ :
' ()xFNAL83D AVANLTAD, A\LSNDOZC |
0.2tk of ANL 77,y |-v-SKAT90 CF By v-Berpukov 85--AI ---------
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e Current uncertainties 20% 0 9 4 6 8 10 12
E, (GeV)

MINERvA will improve by ~ 4 X (details: see next talk)
e Miniboone and K2K are also adding new information.

e MINERVA : Higher energy and Q2.

Can see proton track.
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Resonance Production

Comparable to QE at ~ 1 GeV. ™ o Single Pion Preduction

Inelastic, low-multiplicity final states.

P10
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Need ability to reconstruct exclusive final states.
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MINERVA sample: 1M events , 450K 1. 2 e e e
Uncertainty reduced 40% — 5-10% G. Zeller Nulnt04

s
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(MINERvV A sensitivity: assumes 50% detection efficiency, statistical errors only.)
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Deep Inelastic Scattering

P2,v(@)  GLME
dxdy - T

2 2
[ 20F1(@.Q2) + 1= P @D & (v - 4

Largest MINERv A data sample: 1.2M.

Investigate transition region: low multi-
plicity final states DIS/Resonance.

Extract Structure Functions from fits to y

dependence of differential cross section.
High- Low Q2.

New kinematic region for vN Struc-

ture Functions.

v running: reverse horn currents.
CCr, CCvrvy,

LErev 26 K 34 K

MErev 56 K 10 K

HErev 75 K 13K

CC Events/10%° PoT/ton
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Coherent Pion Production

CC:vA - u Tt A
Two charged tracks: p—, for-

ward 7, no vertex activity.
Smallt = (¢ — pr)?

NC: vA — vw®A

Important background for v. appear-
ance measurements.

Single forward 7 °

Expt CC/NC E <A> Signal

Aachen-Padova NC P 27 360

Gargamelle NC 2 30 101

) o CHARM NC 20-30 20 715
High-statistics samples for both CC and NC CHARMII NC 20-30 20 1379
processes BEBC CC 5100 20 158
SKAT CC/NC) 3.0-20. 30 71(14)

FNAL 15' NC  2.0-100. 20 28

FNAL E180 cC 10-100. 20 61

FNALE632 CC 10-100. 20 52

MINERVA CC 2.0-1012 5000
«

MINERvA NC 3200
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Coherent Pion Production (Cont’d)

CC Coherent Pion Production Cross Section

MINERVA
FNAL (CC), Alderholz, Phys. Rev. Lett. 63, 2349 (1989)
Aachen (NC), Faissner, Phys. Lett. 1258, 230 (1983)
GCM (NC), Isiksal, Phys. Rev. Lett. 52, 1096 (1984)
SKAT (CC)., Grabosch, Z. Phys. C31, 203 (1986)

SKAT (NC), Grabosch, Z. Phys. C31, 203 (1986)

BEBC (CC)., Marage, Z. Phys. C43, 523 (1989)

CHARM (CC), Bergsma, Phys. Lett. 1578, 469 (1985)
CHARM [l (CC). Vilain, Phys. Lett.- 3138, 267 (1993)

tgobDO

e CC-Efficiency: 30-40%

o(r, + A — L7+ 777 + A)

o(10° CY%C NUCLEUS

e Background rejection 1000:1
e NC-Efficiency: ~40%

_<_

o

<]

A-Dependence of 5 GeV CC Coherent Cross-Section

o(10% emPnucleus)
N
N
o

N

a

e First measurement of A-
dependence : wide A range.

Distinguish between models.
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Nuclear Effects

e Final State interactions

Intranuclear rescattering
* Energy loss and/or absorption.
* Change in direction.

e Modification of pdf's in nuclear medium.
Measured only in charged-lepton scat-
tering.

Shadowing region (x < 0.1) : expect
difference due to axial-vector current.

High-x region (0.2 < x < 0.7), EMC
mechanism not fully understood.

prediction from S. A. Kulagin, [arXiv:hep-
ph/9812532] w/MINERVA statistical errors.

> Minerva can perform first measurement with high-A and high-statistics.

Nuclear Targets Carbon, Fe and Pb.
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MINERVA Effect on Oscillation Measurements

Case Study I: MINOS

MINOS

— Intr. Off
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e Minos Iron calorimeter: Modeling of nuclear effects among the
largest systematics.
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* Translates to shift in Far/Near ’dip’ location=> Am 5 10 15 20

Neutrino Energy (GeV)
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Intranuclear rescattering: Energy loss and/or absorption of
outgoing particles.
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Changes measured visible energy spectrum.
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e MINERVA can measure ratio of visible

“rror on Am’®
o

S N
N

energy distribution on different nuclear

targets Fe, Pb, C.

) ) . —— MINOS (7.4e20 POT)
e Constrain pion absorption,intranuclear | MINOS +0 o (nuct) AM
MINOCS+0,. (nuc!) PM

wyed &'

rescattering models.

2.2 24 2B 2.8 3
Am? (x107%V*)
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MINERVA Effect on Oscillation Measurements (Cont’d)

Case StU’dy II: Nova Estimated Cross section uncertainties
e Main Issue: > Backgrounds to v, signal. Process Current  After MINERVA

NC: QE 20% 5%
v -CC: Res 40% 5/10%(CC/NC)

Beam ve DIS 20% 5%
>>Uncertainties in background predictions Coh 100% 20%

dominate Nova’s v, appearance sensitivity.

Fractional uncertainty in background predictions:
Before After
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QfF Axis Angle of Mear Detector (mrad)
Background uncertainty decreases by factor of 4.
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MINERVA Effect on Oscillation Measurements (Cont’d)

Effect of reducing cross section uncertainties on Nova sensitivity:

thefore MINE Red 2020 P01
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.__."-\_

I r i
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O Swie fingln of Rgr Colpsle: [ nred)

Without MINERVA
e Even at “minimum” systematic error — systematics are comparable to statistical error in Nova.

e Without MINERVA : Nova could be systematics dominated.
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Summary

> MINERvA will precisely measure neutrino interactions with a fine-grained, high-resolution, v
detector using the high flux NuMI beam.

Improve knowledge of

* Neutrino cross sections at low energy, Low Q2.
* A-Dependence in neutrino interactions (three targets C, Fe, Pb)

> This will be important to minimize systematics errors in oscillation experiments.
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MINERVA Run Scenario

Scenario for PoT per year ( X 1029)

year total PoT  LE sME sHE  LErev  MErev  HErev
2006 3.0 30 0.0 0.0 0.0 0.0 0.0
2007 4.0 30 0.7 0.3 0.0 0.0 0.0
2008 4.0 0.0 0.0 0.0 2.5 1.0 0.5
2009 4.0 1.0 05 0.5 0.5 0.5 1.0
Total 15.0 7.0 1.2 0.8 3.0 1.5 1.5

Table 1: Hypothetical proton luminosity scenario for a four-year run.
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CC Coherent Pion Analysis

Background

10000

2 \Vieihle Charped Tracks Rils 303

ran =800 Moy KRG

1
R L T

-] 8 1 (LI]8 151 20C
slslbsle - harged bracks rierackian dknce

Y ol e Trash szparalion - &)
4

{2 2243 10

el 19

p,> 600 MeY 72 12

[Fuddoe factor factor

ST A Bl B B SRR e skl i [iz
0 32 84 18 CE | e Normalizad

S=onstrudecdx Recers racted £

Signal/Noise CC 5004 /4400
Signal/Noise NC ~2
* “fudge factor’ : unrealistic tracking.
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Nuclear Effects

Nuclear effects in charged-lepton scattering.

0.001
1.1

1.0

-

FyX) LFyD)
©

NMC Ca/D
SLAC E87 Fe/D
SLAC E139 Fe/D
E665 Ca/D
—— Parameterization
Error in parameterization

TTTTTTITT]TT]
IIIiIIIIIIIIIiIIIIIIIIIiIIIIIIIIIiIII

I B L1 11111
67 2 3 4567
0.1
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Cross Sections Uncertainties by Background & Process

Process Statistics QE RES
do/o 20%  40%
Signal v, 175 (sin? 26013 = 0.1)  55%  35%
NC 15.4 0 50%
v, CC 3.6 0 65%
Beamuv, 19.1 50%  40%

COH
100%
n/l
20%
n/l
n/l

DIS
20%
10%
30%
35%
10%

List of the signal and background processes than can contribute events in the NOwva far detector, for a
50kton detector located 12km from the NuMI axis, 820km from Fermilab, assuming a Am? of
2.5 x 107 3eV2. Also given are the cross section uncertainties on those processes before

MINERVA runs.
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CcC

Near Detector

MINERvVA Physics Overview

Nora Oscillation Scenarios

beam
+ signal
Ve

NC

V: , CC
Far Detector

Ve

NC
v, CC
Far Detector

DPF August 2004

Either case: v,,-CC very different Near
vs Far. => Cross section systematics
don’t cancel!

Near detector measures sum of back-
grounds, not each component.

Without MINER~VA : even at “mini-
mum’ systematic error — systematics
are comparable to statistical error.

Backup



